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INTEGRATED SEMICONDUCTOR STRUCTURE FOR RELIABILITY 

TESTS OF DIELECTRICS 

BACKGROUND OF THE INVENTION 
5 1. FIELD OF THE INVENTION 

Generally, the present invention relates to the fabrication of integrated circuits, and, 
more particularly, to a technique of monitoring and testing the reliability of circuit elements, 
such as field effect transistors, with respect to the lifetime of these elements. 

10 2. DESCRIPTION OF THE RELATED ART 

In modem integrated circuits, feature sizes of individual circuit elements, such as 
transistors, resistors, capacitors and the like, are steadily decreased to improve the device per- 
formance in terms of operational speed and/or power consumption. The continuous reduction 
in size of the circuit elements, however, is usually not a straightforward development and 

15 may require significant effort in adapting process techniques to achieve the target design di- 

mensions. Additionally, the shrinkage of certain circuit elements or parts thereof usually en- 
tails a corresponding scaling of other circuit parts, thereby creating a plurality of issues that 
have to be dealt with. For example, the continual reduction of the channel length of field ef- 
fect transistors, i.e., the distance between the source and the drain region of the transistor, 

20 typically requires the gate insulation layer, i.e., the dielectric layer electrically insulating the 

gate electrode from an underlying channel region, to be reduced in thickness so as to produce 
the necessary capacitive coupling between the gate electrode and the channel region as is re- 
quired for proper control of the transistor function. 

25 Currently, integrated circuits such as CPUs are fabricated on the basis of CMOS tech- 

nology, producing transistors having a gate length in the range of approximately 0.1 ^m and 
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less. The devices having a channel length on this order of magnitude may require a gate in- 
sulation layer having a thickness of 2-3 nm when the dielectric material is silicon dioxide, 
possibly including a certain amount of nitrogen. For further device scaling, the thickness of 
silicon dioxide based gate insulation layers may even require dimensions that are signifi- 
cantly less than the above-specified range. As a consequence, the formation of ultra-thin gate 
insulation layers having reliable and predictable characteristics over a specified lifetime of 
the circuit element under consideration is a challenging task for semiconductor manufac- 
turers. Although alternative materials and process techniques for manufacturing gate insula- 
tion layers appropriate for extremely scaled transistor devices have been proposed, it is 
nevertheless essential that the characteristics of the gate insulation layer be thoroughly 
monitored so as to be able to comply with product specifications established for a certain type 
of product. 

In addition to the gate insulation layer thickness, other parameters, such as gate 
dopant concentration and well dopant concentration, also have a tremendous impact on the 
finally achieved dielectric breakdown of a transistor element and, thus, on the reliability and 
expected lifetime of the entire integrated circuit. Reliability is important because the failure 
of a single transistor element may cause a catastrophic failure of the entire device. For this 
reason, monitoring the time to dielectric breakdown of selected transistor elements has 
become a standard means for monitoring and assessing the reliability of gate dielectrics used 
in gate insulation layers. A meaningful accurate reliability assessment, however, requires the 
availability of a sufficient number of test devices to allow a quantitatively well-based state- 
ment on the expected lifetime of the devices. Consequently, multiple test structures are 
required on every product wafer so as to reliably estimate and assess the time to dielectric 
breakdown of the test devices. As previously pointed out, in manufacturing high perform- 
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ance integrated circuits, process amendments for optimizing and adapting process parameters 
are frequently necessary and even further emphasize the necessity for accurate reliability 
assessments, since at least some of the process changes may potentially impact the reliability 
of the devices. 

5 

With reference to Figures la- Id, a conventional test structure as is implemented in 
large numbers on a product substrate will now be described in more detail. Figure la 
schematically shows a cross-sectional view of an integrated transistor test structure that 
enables the monitoring of the time to dielectric breakdown of a single transistor device 

10 formed in accordance with a specific type of transistor as also used on product areas of the 

substrate. A test structure 100 comprises a substrate 101, for example a silicon substrate, in 
which a lightly doped semiconductor region 102 is formed, which is hereinafter referred to as 
the "well region." Moreover, in the example, an N-channel transistor will be described and, 
therefore, the well region 102 is provided as a P-well region. A trench isolation structure 103 

15 formed in the substrate 101 separates a well contact 110 and a transistor structure 120 from 

each other. The well contact 110 comprises a highly doped semiconductor layer 111 that acts 
as an electrode for electrically connecting to the well region 102. 

The transistor structure 120 comprises highly doped source and drain regions 121, 
20 which are separated by a channel region 122 that forms a conductive channel upon applica- 

tion of an appropriate voltage to a gate electrode 123. The gate electrode 123 may be 
comprised of any appropriate conductive material and may, according to sophisticated CMOS 
techniques, comprise highly doped polysilicon. Since the transistor structure 120 is to repre- 
sent an N-channel transistor, the source and drain regions 121 and the gate electrode 123 may 
25 be doped by N-type dopants. Sidewall spacers 125 may be formed on sidewalls of the gate 
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electrode 123 and a gate insulation layer 124 separates the channel region 122 from the gate 
electrode 123. As previously noted, the gate insulation layer 124 may be of a complex 
structure, i.e., may include various materials having a high permittivity, and/or may have an 
extremely small thickness of 2 nm and even less. Consequently, any variations during manu- 
5 facturing of the gate insulation layer 124, variations of the dopant concentrations of the gate 

electrode 123 and of the well region 102, the dopant profile of which may require a complex 
succession of implantation sequences, and variations during operation of the device may lead 
to significant variations in the lifetime of the gate insulation layer 124. 

10 Furthermore, for the sake of simplicity, other components of the test structure 100, 

such as silicide regions formed in the drain and source regions 121 and the gate electrode 
123, as well as contact plugs formed on the drain and source regions 121, the gate electrode 
123 and the well contact 110, are not shown in Figure la so as to not unduly obscure the 
principals of the test structure 100. Furthermore, any metallization layers, i.e., layers includ- 

15 ing conductive vias and lines for interconnecting individual circuit elements, are not shown in 

Figure la but may form a part of the test structure 100. 

Figure lb schematically shows a top view of the structure 100 with contact plugs 126 
for connecting to the source and drain region 121, contact plugs 127 connecting to the gate 

20 electrode 123, and contact plugs 128 connecting to the well contact 110. The contact plugs 

126 may finally be connected to a metal pad formed on top of the final metallization layer 
(not shown), wherein the total number of metallization layers may depend on the specific 
design of the test structure 100. Since typically the test structure 100 is formed on a product 
substrate 101, the test structure 100 is commonly manufactured with the devices on the 

25 product chip areas. Accordingly, the design and the number of the metallization layers are 
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dictated by the product chips formed on the substrate 101. For convenience, the metal pad 
connected to the contact plugs 126 may be referred to as pad 1 and may have dimensions that 
allow contact of the pad 1 by an appropriate electrode of a test tool. Similarly, the contact 
plugs 127 are finally connected to a further metal pad, referred to as pad 2, and the contact 
5 plugs 128 are connected to a third metal pad, referred to as pad 3. 

Again referring to Figure la, the combination of contact plugs and conductive lines 
formed in any metallization layer, and the corresponding metal pads 1, 2 and 3 may be 
illustrated in Figure la in a simplified manner and may be indicated as terminals pi, p2 and 

10 p3, respectively. Thus, pi represents an electrical connection from the drain and source 

regions to the metal pad 1, wherein, for example, an electrical connection between the two 
drain and source regions 121 may be established in the first metallization layer and a single 
connection may then be formed from the metallization layer 1 to the contact pad 1 . Similarly, 
the terminal p2 represents the electrical connection from the gate electrode 123 to the metal 

15 pad 2, and the terminal p3 represents the electrical connection from the well contact 110 to 

the metal pad 3. 

A typical process flow for forming the test structure 100 as shown in Figure la may 
comprise conventional and well-established manufacturing processes to form the transistor 

20 structure 120 and the well contact 110. Thus, a detailed description thereof is omitted herein. 

After completion of the transistor structure 120 and the well contact 110, as illustrated in a 
simplified manner in Figure la, one or more metallization layers may be formed in 
accordance with well-established process steps wherein, for instance, the source and drain 
regions 121 are shorted by a corresponding metal line (not shown). Thereafter, the one or 

25 more metallization layers are completed and the metal pads 1, 2 and 3 are formed so as to be 
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accessible by a test device. It should be noted that the dimensions of the metal pads 1, 2 and 
3 are significantly larger than those of the associated test structure 100 and therefore a large 
amount of valuable chip area is consumed by the metal pads 1, 2 and 3. 

5 During operation, a ground potential is applied to the terminals pi and p3, that is, to 

the contact pads 1 and 3, whereas a positive voltage is applied to terminal p2 with a magni- 
tude that insures the formation of an inversion channel in the channel region 122. Usually, 
the voltage applied to the terminal p2 and thus to the gate electrode 123 is significantly 
increased compared to normal operation conditions to reduce the time required for occurrence 

10 of electrical breakdown events. During application of the gate voltage, the environmental 

conditions of the test structure 100 may be chosen so as to resemble typical environmental 
conditions during operation of the semiconductor device under consideration. While apply- 
ing the gate voltage to the gate electrode 123, the leakage current flowing from the gate 
electrode 123 into the channel region 122 is steadily monitored. Upon occurrence of a 

15 dielectric breakdown, the leakage current significantly increases and the time interval may be 

used to assess the lifetime of the actual device under consideration. 

Figure lc schematically shows a graph representing the gate leakage current indicated 
as I g versus the time of application of the gate voltage. As is shown, at time point Tf, an 
20 electrical breakdown of the gate insulation layer 124 occurs and consequently a significantly 

higher leakage current I g is drawn. 

As previously pointed out, a plurality of test structures 100 is typically required for a 
specific type of circuit element to be tested in order to be able to carry out a thorough analysis 
25 and to obtain meaningful statistical results. Consequently, approximately 30-100 test 
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structures 100 are usually provided for a specified type of circuit element, thereby requiring 
thrice a certain number of metal pads 1, 2 and 3. As these metal pads consume significant 
chip area owing to the relatively large dimensions thereof, only a reduced number of saleable 
products may be formed on the substrate 101 . 

5 

In view of the above-identified problems, a need exists to provide a technique for 
monitoring electrical breakdown events on a substrate with required statistical relevance 
while reducing the floor space consumed by respective test structures. 

10 SUMMARY OF THE INVENTION 

Generally, the present invention is directed to a technique that enables the reduction 
of the number of metal pads required for the detection of a failure event. This is achieved in 
that a plurality of devices under test are provided per each test structure and at least two of 
the plurality of devices in the test structure are connected to respective common contact pads. 
15 A respective failure of one of the plurality of devices under test may then be identified by 

multiple step-like changes in a monitor signal, such as a gate leakage current. In this way, the 
number of pads required for a single failure event is reduced and enables the formation of a 
required number of test devices within a reduced floor space as compared to the conventional 
approach requiring three contact pads per failure event. 

20 

According to one illustrative embodiment of the present invention, an integrated 
semiconductor structure for testing a dielectric comprises a plurality of circuit elements, 
wherein each circuit element includes a first conductive region and a second conductive 
region separated by a dielectric layer. Moreover, each of the first conductive regions is 
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electrically connected to a first common contact pad and each of the second conductive 
regions is electrically connected to a second common contact pad. 

According to a further illustrative embodiment of the present invention, an integrated 
5 semiconductor structure for testing a dielectric comprises at least two circuit elements, each 

having a first electrode, a second electrode, a third electrode and a dielectric layer disposed 
adjacent to the first, second and third electrodes. A first contact pad is electrically connected 
to the first and second electrodes of the circuit elements. A second contact pad is electrically 
connected to the third electrodes of the circuit elements. A third contact pad is electrically 
10 connected to a semiconductive region in which the circuit elements are at least partially 

formed. 

According to still a further illustrative embodiment of the present invention, an 
integrated semiconductor structure for testing a dielectric comprises a plurality of transistor 
15 elements, wherein source and drain regions and a gate electrode of at least one transistor 

element are commonly electrically connected to a first contact pad. Moreover, a well region 
in which the transistor element is formed is electrically connected to a second contact pad. 

In accordance with another embodiment of the present invention, an integrated semi- 
20 conductor structure for testing a dielectric comprises an N-channel transistor structure and a 

P-channel transistor structure. A first contact pad is connected to gate electrodes and drain 
and source regions of the P-channel and N-channel transistor structures. A second contact 
pad is connected to a P-well of the N-channel transistor structure and a third contact pad is 
connected to an N-well of the P-channel transistor structure. 

25 
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According to still a further illustrative embodiment of the present invention, a method 
comprises commonly connecting first conductive regions of a plurality of circuit elements of 
a semiconductor structure with a first electric potential via a common first contact pad. The 
method further includes commonly connecting second conductive regions of the plurality of 
5 circuit elements of the semiconductor structure with a second electric potential via a common 

second contact pad, wherein the first and second conductive regions are insulated from each 
other by a dielectric. Finally, reliability of the dielectric is assessed by determining failure 
events of the circuit elements. 

10 In a further embodiment of the present invention, a method comprises commonly 

connecting source and drain regions of a plurality of transistor elements to a first electric 
potential by a first contact pad and commonly connecting gate electrodes of the plurality of 
transistor elements to a second electric potential by a second contact pad. A common well 
region of the plurality of transistor elements is connected to a third electric potential by a 

15 third contact pad. Finally, reliability of gate insulation layers of the plurality of transistor 

elements is assessed by monitoring a gate leakage current of the plurality of transistor 
elements. 

In still a further embodiment of the present invention, a semiconductor test structure 
20 comprises a plurality of test circuit elements, each including a dielectric layer to be tested, 

and a plurality of contact pads configured to connect an external measurement instrument to 
the plurality of test circuit elements. Moreover, a design of interconnects providing electrical 
connection between the contact pads and the test circuit elements provides a ratio of the 
number of test circuit elements to the number of contact pads is higher than 1 :3. 

25 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The invention may be understood by reference to the following description taken in 
conjunction with the accompanying drawings, in which like reference numerals identify like 
elements, and in which: 

5 

Figures la- lb schematically show a cross-sectional view and a top view, respectively, 
of a conventional test structure for estimating the reliability of a gate insulation layer; 

Figure lc shows a graph depicting the relationship between the time to failure and the 
10 leakage current; 

Figures 2a-2b show a cross-sectional view and a top view, respectively, of an 
integrated semiconductor structure for testing the reliability of a dielectric layer according to 
illustrative embodiments of the present invention; 

15 

Figures 2c-2d schematically show graphs illustrating the dependency of the leakage 
currents versus the time to failure and a Weibull graph, respectively, for the test structures 
shown in Figures 2a-2b; and 

20 Figure 3 schematically shows a cross-sectional view of an integrated test structure in 

accordance with still further illustrative embodiments of the present invention. 

While the invention is susceptible to various modifications and alternative forms, 
specific embodiments thereof have been shown by way of example in the drawings and are 
25 herein described in detail. It should be understood, however, that the description herein of 
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specific embodiments is not intended to limit the invention to the particular forms disclosed, 
but on the contrary, the intention is to cover all modifications, equivalents, and alternatives 
falling within the spirit and scope of the invention as defined by the appended claims. 

5 DETAILED DESCRIPTION OF THE INVENTION 

Illustrative embodiments of the invention are described below. In the interest of 
clarity, not all features of an actual implementation are described in this specification. It will 
of course be appreciated that in the development of any such actual embodiment, numerous 
implementation-specific decisions must be made to achieve the developers' specific goals, 

10 such as compliance with system-related and business-related constraints, which will vary 

from one implementation to another. Moreover, it will be appreciated that such a develop- 
ment effort might be complex and time-consuming, but would nevertheless be a routine 
undertaking for those of ordinary skill in the art having the benefit of this disclosure. 

15 The present invention will now be described with reference to the attached figures. 

Although the various regions and structures of a semiconductor device are depicted in the 
drawings as having very precise, sharp configurations and profiles, those skilled in the art 
recognize that, in reality, these regions and structures are not as precise as indicated in the 
drawings. Additionally, the relative sizes of the various features and doped regions depicted 

20 in the drawings may be exaggerated or reduced as compared to the size of those features or 

regions on fabricated devices. Nevertheless, the attached drawings are included to describe 
and explain illustrative examples of the present invention. The words and phrases used 
herein should be understood and interpreted to have a meaning consistent with the under- 
standing of those words and phrases by those skilled in the relevant art. No special definition 

25 of a term or phrase, i.e., a definition that is different from the ordinary and customary mean- 
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ing as understood by those skilled in the art, is intended to be implied by consistent usage of 
the term or phrase herein. To the extent that a term or phrase is intended to have a special 
meaning, i.e., a meaning other than that understood by skilled artisans, such a special defini- 
tion will be expressly set forth in the specification in a definitional manner that directly and 
5 unequivocally provides the special definition for the term or phrase. 

According to the inventors' finding, the number of contact pads per failure event in a 
test structure may significantly be reduced in that two or more circuit elements share one or 
more contact pads. Since individual failure events may be reliably identified in a failure 

10 signal that is commonly generated by the plurality of circuit elements to be tested, a statistical 

result of high relevance can be obtained with a significantly reduced number of contact pads 
and thus with a significantly reduced floor space required for the test structures. In the 
following illustrative embodiments of the present invention, test structures including two or 
more transistor structures are described, the various terminals of which may be partially 

15 connected to shared contact pads. The provision of the circuit elements to be tested in the 

form of transistor elements may often be advantageous to assess the reliability, i.e., the time 
to failure under predefined operating conditions of the test structure, wherein not only the 
dielectric layer under consideration formed in the test structure and in product circuit 
elements are substantially identical, but also most of the further process steps involved in 

20 fabricating the transistor structures in product areas and the test structures, such as implanta- 

tion sequences, anneal cycles, sidewall spacer formation, and the like, are substantially 
identical. However, in other embodiments, it may be considered appropriate to form 
specially designed test circuits, for example in the form of capacitors and the like, so as to 
estimate the reliability of a dielectric layer, since usually in sophisticated integrated circuits 
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these dielectric layers, typically provided in the form of a gate insulation layer, represent one 
of the most critical - and hence lifetime determining - components of the integrated circuits. 

With reference to Figures 2a-2d, further illustrative embodiments of the present 
5 invention will now be described. In Figure 2a, a semiconductor structure 200 comprises a 

substrate 201, which may be any appropriate substrate for forming an integrated circuit 
thereon, such as a silicon substrate, a germanium substrate, an insulating substrate bearing a 
semiconductive layer, such as a silicon-on-insulator (SOI) substrate, or any other appropriate 
III-V or II- VI semiconductor substrates. In the substrate 201 or in any appropriate semicon- 
10 ductor layer formed thereon, a well region 202 is formed and includes an isolation structure 

203. 

In advanced integrated circuits, the isolation structure 203 is typically provided as a 
trench isolation, as shown in Figure 2a. However, any other isolation structure considered 

15 appropriate, such as LOCOS isolation structures, may be used in accordance with design 

requirements. The isolation structure 203 separates the semiconductor structure 200 from 
neighboring substrate areas, which may bear further semiconductor structures similar to the 
structure 200 or which may include regular circuit elements. Moreover, thedsolation struc- 
ture 203 separates a well contact 210 including a highly doped contact layer 211 from a 

20 plurality of test circuit elements 220a, 220b, 220c that may be provided, for instance, in the 

form of transistor structures. Although the structure 200 in Figure 2a is shown to include 
three test circuit elements 220a, 220b and 220c, the present invention is not restricted to this 
number and two, three or more test circuit elements may be provided, wherein the savings on 
floor space on the substrate 201 increases as the number of circuit elements in the test struc- 

25 ture 200 increases. Moreover, although transistors are depicted as the test circuit elements in 
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the disclosed embodiment, those skilled in the art will recognize after a complete reading of 
the present application that the test circuit elements may take other forms, such as, for 
example, capacitors and memory cells. 

5 Each of the test circuit elements 220a, 220b, and 220c includes a channel region 222a, 

222b, 222c, respectively, that separates respective source and drain regions 221a, 221b, and 
221c, as is shown in Figure 2a. Neighboring circuit elements share respective drain and 
source regions so that, for example, the test circuit elements 220a and 220b share the drain 
region 221b. In other embodiments, the isolation structure 203 may be modified so as to 

10 separate the individual circuit elements 220a, 220b and 220c by forming respective isolation 

trenches therebetween. Moreover, respective gate electrodes 223a, 223b and 223c are formed 
over the associated channel regions and are separated therefrom by respective gate insulation 
layers 224a, 224b and 224c. Sidewall spacers 225a, 225b, 225c are formed on the sidewalls 
of the respective gate electrodes. Moreover, as previously pointed out with reference to the 

15 conventional test structure shown in Figures la- lb, when the test structure 200 is a silicon 

based test structure formed according to a high performance CMOS process technology, 
silicide regions may be provided in the respective gate electrodes 223a, 223b, 223c and the 
drain and source regions 221a, 221b and 221c. 

20 Figure 2b schematically shows a top view of the test structure 200. As shown therein, 

contact plugs 226a, 226b, 226c are formed on the respective source and drain regions 221a, 
221b and 221c. Similarly, respective contact plugs 227a, 227b and 227c are formed on end 
portions of the gate electrodes 223a, 223b and 223c. Furthermore, contact plugs 228 are 
formed on the well contact layer 211. The respective contact plugs may be formed within an 

25 appropriate insulating layer (not shown) and may be comprised of an appropriate metal, such 
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as tungsten, with a thin suitable barrier metal formed between the tungsten and the insulating 
material of the insulating layer. It should be appreciated that the number, the form and the 
composition of the contact plugs may depend on the specific design rules and requirements of 
the circuit elements under consideration. 

5 

Again referring to Figure 2a 3 it is to be noted that the contact plugs 226a-c, 227a-c and 
228 are not shown in Figure 2a for the sake of clarity and are instead represented by the 
terminals pi a, plb, pic, p2a, p2b, p2c and p3, respectively. As previously explained with 
reference to Figure la- lb, the terminals pla-c, p2a-c and p3 represent any contact plugs and 

10 metal lines required to electrically connect the respective source/drain regions, gate 

electrodes and the well contact with respective metal pads that are formed over the substrate 
201 after completion of the test circuit elements and any required metallization levels for 
establishing the required electrical connections therein. As previously noted, these metal 
pads exhibit dimensions that allow access by external test instruments and thus have signifi- 

15 cantly greater dimensions than the test structure 200. Hereinafter, these metal pads are 

referred to as contact pad 1 which is connected to the source and drain regions 221a-c, 
contact pad 2, which is connected to the gate electrodes 223a-c, and contact pad 3, which is 
connected to the well contact 210. 

20 A typical process flow for forming the test structure 200 may comprise substantially 

identical process steps as used in manufacturing corresponding circuit elements in product 
areas of the substrate 201. Accordingly, the characteristics of the well region 202, i.e., the 
complex dopant profile thereof, the characteristics of the drain and source regions 221a-c, the 
characteristics of the gate electrode 223a-c, i.e., the dopant profile thereof, the dimensions 

25 thereof and the like, and the characteristics of the gate insulation layers 224a-c, i.e., the thick- 
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ness and the composition thereof, may substantially represent the characteristics of the corre- 
sponding product circuit elements under consideration. In other embodiments, however, one 
or more specifically designed test circuit elements may be formed within the semiconductor 
structure 200 to assess the reliability of a dielectric material. For instance, a plurality of gate 

5 electrodes may be formed on a dielectric layer without the formation of highly doped source 

and drain regions so as to produce a capacitor structure having a plurality of first electrode 
contacts and a single second electrode (the well contact 210). The terminals pla-c, and thus 
the first contact pad 1, may then become obsolete, thereby still further reducing the number 
of contact pads and hence the floor space occupied by the test structure 200. In other 

10 embodiments, the test circuit elements 220a-c may differ in some aspects, such as the thick- 

ness of the respective gate insulation layers 224a-c. 

Moreover, the test circuit elements 220a-c may represent P-channel transistors or 
N-channel transistors having similar or different dimensions so as to assess the reliability of 
15 various circuit elements used in the actual product areas of the substrate 201. In other 

embodiments, a plurality of test structures 200 may be provided on the substrate 201, wherein 
each of the plurality of semiconductor structures 200 may comprise substantially the same 
type of test circuit elements, whereas the type of test circuit elements may vary among some 
of the plurality of semiconductor structures 200. 

20 

Regarding the process flow for forming the semiconductor structure 200, the same 
criteria apply as previously pointed out with reference to Figure la-b. That is, similar process 
steps as used for actual circuit elements may be used, wherein design changes corresponding 
to specifics of the structure 200 are taken into account. 

25 



Page 17 of 30 



2000.108400 
DE0349 

During operation, the source and drain regions 221a-c may be connected to a first 
electric potential via the terminals pla-c, and thus via the first contact pad. For instance, if 
the test circuit elements 220a-c are considered as N-channel transistors, the first electric 
potential may represent a ground potential. Similarly, the well contact 210 may be connected 
5 to a second electric potential via the terminal p3 and thus via the third contact pad. The 

second electric potential may also represent ground potential. Finally, the gate electrodes 
223a-c may be connected to a third electric potential via the corresponding terminals p2a-c, 
and thus via the second contact pad, wherein the third electric potential is selected so as to 
create an inversion channel in the respective channel regions 222a-c. Typically, the voltage 

10 created by the difference between the first and second potentials and the third potential is 

selected significantly higher than a corresponding operating voltage of actual product devices 
so as to accelerate the occurrence of any electric breakdowns of the corresponding gate 
insulation layers. Additionally, the semiconductor structure 200 may be exposed to 
predefined environmental conditions, such as a specified temperature range, humidity, 

1 5 ambient pressure, external high energetic radiation, and the like, to simulate various operating 

conditions of actual devices. 

Upon application of the desired voltage to the gate electrodes 223a-c, a signal 
indicating the occurrence of an electrical breakdown of one or more of the gate insulation 
20 layers 224a-c may be monitored. For instance, the current required for establishing the 

desired gate voltage may be monitored and may represent a signal indicative of an electrical 
breakdown event. 

Figure 2c schematically shows the progression of the gate current I g supplied to the 
25 gate electrodes 223a-c when an electric breakdown in each of the test circuit elements 220a-c 
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occurs. During time 0 - time t n , it is assumed that the gate insulation layers 224a-c behave as 
desired and the corresponding gate current I g represents the normal leakage current through 
the gate insulation layers 224a-c. It is to be noted that the leakage current I g in this time 
interval may not necessarily exactly represent the static leakage current of a corresponding 
5 number of actual product devices since typically actual transistor devices are operated - when 

set to a static closed state - with a voltage applied between the source and drain regions, 
which may slightly affect that total electric field prevailing at the respective gate insulation 
layer. However, the time to electrical breakdown of one or more of the gate insulation layers 
224a-c may nevertheless be indicative of the lifetime of actual devices. At time point tn, it is 

10 assumed that, for instance, the test circuit element 220b has an increased leakage current, 

indicating the failure of the gate insulation layer 224b. Therefore, the entire current I g rapidly 
increases and may finally saturate within a given range that depends on the damage that has 
occurred within the gate insulation layer 224b. At time point tf2, it is assumed that a further 
gate insulation layer, for example the gate insulation layer 224a, exhibits an electric break- 

15 down that leads to a further rapid increase of the current I g . After a certain time interval, the 

gate insulation layer 224c may fail and therefore lead to a further rapid increase of the current 
I g . Consequently, three independent failure events may be observed by only using the three 
contact pads 1, 2 and 3, thereby resulting in a ratio of failure event to contact pad of 1, 
whereas, in the conventional case described with reference to Figures la-lc, the ratio is 1:3. 

20 By providing more than three test circuit elements, the ratio may be further increased. For 

instance, the number of test circuit elements 220a-c may be increased to an extent that still 
allows one to reliably distinguish individual failure events by corresponding steps in the gate 
leakage current I g . That is, as long as significant steps may be identified in the total gate 
current I g , even if one or more of gate insulation layers that already experienced an electrical 

25 breakdown further degrade in the course of time and cause a gradually increasing leakage 
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current, the number of test circuit elements may be increased. Advantageously, the number 
of test circuit elements is no longer increased when the floor space occupied by the test 
circuit elements substantially equals the floor space occupied by the contact pads 1, 2 and 3. 
Moreover, the number of test circuit elements in the semiconductor structure 200 may be 
5 selected so as to conform with the current drive capability of the involved contact plugs and 

metal lines establishing the electrical contact between the respective regions of the circuit 
elements 220a-c and the corresponding contact pads 1, 2 and 3. For instance, the number of 
circuit elements is selected so that the electrical resistance of the lines conducting the total 
gate current I g does not significantly influence the current flow, even if all of the test circuit 
10 elements 220a-c experience a failure event. By "not significantly affecting the total gate 

current I g ," it is meant that the individual current steps caused by individual failure events are 
reliably identifiable even for the last circuit elements having a failure event. 

Figure 2d schematically shows a Weibull plot as is typically used for assessing the 
15 lifetime of devices. Herein, the time to failure is plotted vs. the Weibull function for a 

plurality of test structures 200, each containing, for example, three test circuit elements 
220a-c. The various test structures are denoted as DUT1 (device under test) to DUTn, 
wherein the failure events for each DUT are indicated as "fail 1 to 3." From the graph of 
Figure 2d, a typical expected lifetime for given operating conditions may be estimated. 

20 

Figure 3 schematically shows a cross-sectional view of a semiconductor structure 300 
in accordance with further illustrative embodiments of the present invention. The semicon- 
ductor structure 300 comprises a substrate 301, which may be any substrate as already 
pointed out with reference to Figures la-lc and 2a-2d. The substrate 301 may comprise a 
25 first well region 302a and a second well region 302b, each comprising a specified dopant 
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profile. For example, the first well region 302a may substantially be P-doped so that an N- 
channel transistor may be formed in the well 302a. Similarly, the second well region 302b 
may represent an N-doped region that is appropriate for forming a P-type transistor structure. 
In and on the first and second well regions 302a, 302b are formed respective well contacts 
5 310a, 310b including corresponding highly doped contact layers 311a, 311b. A first test 

circuit element 320a, for example in the form of an N-channel transistor, may be formed in 
and on the well region 302a, wherein the test circuit element 320a comprises source and drain 
regions 321a, a channel region 322a, a gate insulation layer 324a, a gate electrode 323a, and 
corresponding sidewall spacers 325a. Similarly, the test circuit element 320b may comprise 

10 substantially the same components, which are correspondingly denoted. Moreover, as 

already previously explained, terminals pi, p2 and p3 are shown to represent any contact 
plugs, conductive metal or polysilicon lines, vias, and the like, that establish an electrical 
connection to respective contact pads 1, 2 and 3. In the embodiment shown in Figure 3, the 
drain and source regions 321a, 321b and the gate electrodes 323a, 323b are electrically 

15 connected to the contact pad 2, whereas the first well region 302a is connected to the pad 1 

via the well contact 310a. The second well region 302b is connected to the pad 3 via the well 
contact 310b. It should be appreciated that again the semiconductor structure 300 is depicted 
in a simplified manner. For example, not depicted are the silicide portions usually formed in 
the drain and source regions and the gate electrode of the circuit elements 320a, 320b, and 

20 any conductive lines and vias formed in the circuit level or in any above-lying metallization 

layers that are required to provide for the necessary electric connections. Although not 
illustrated, for instance, the gate electrodes 323a and 323b may be connected within the first 
metallization layer, whereas the respective electric connection between the gate electrodes 
323a, 323b and the corresponding drain and source regions may be established as local inter- 

25 connects. However, any other appropriate design may be used to create different types of test 
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circuit elements 320a, 320b within the single test structure 300. In other embodiments, the 
drain and source regions 321a, 321b may be omitted, or may not be equipped with the 
terminals p2. 

During operation, appropriate electrical potentials may be applied to the contact pads 
1, 2 and 3 so as to establish respective inversion channels within the channel regions 322a, 
322b. For instance, a reference potential such as ground potential may be applied to the 
contact pad 2, which is connected to the source and drain regions and the gate electrodes of 
the test circuit elements 320a, 320b. A negative voltage may then be supplied to the contact 
pad 1 when the test circuit element 320a is an N-channel transistor. Similarly, a positive 
voltage may be applied to the contact pad 3 when the test circuit element 320b represents a 
P-type transistor. Although it may be advantageous in terms of measurement time to apply 
the voltages at the contact pad 1 and the contact pad 3 simultaneously, these voltages may 
also be supplied subsequently or intermittently, wherein the frequency for switching on the 
respective voltage applied to the contact pad 1 and/or the contact pad 3 may be selected as 
considered appropriate. During the application of an appropriate test voltage to the contact 
pads 1, 2 and 3, the current flowing through contact pads 1 and 2 on the one side, and flowing 
through the contact pads 2 and 3 on the other hand, may be monitored so as to determine the 
occurrence of a failure of the respective gate insulation layers 324a, 324b. Thus, reliability 
tests may be performed on, for example, complementary CMOS transistors that are manu- 
factured in accordance with typical process flows as used in actual product devices within a 
single test structure, thereby requiring a reduced number of contact pads compared to the 
conventional test structure shown in Figures la- lb. 
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In other embodiments, a plurality of test circuit elements 320a may be formed in the 
first well region 302a and a corresponding plurality of test circuit elements 320b may be 
formed in the second well region 302b. The occurrence of any failure events for each type of 
test circuit element 320a, 320b may then be similarly monitored as explained with reference 
5 to Figure 2c. 

In the above embodiments, the leakage current l g is used as the failure signal for 
identifying a failure event. In other embodiments, other variables may be detected. For 
instance, voltage changes may be monitored when a constant current is impressed. In other 
10 examples, voltage pulses may be supplied and corresponding changes in the pulse form may 

be used in assessing a deterioration of the dielectric under consideration. 

The particular embodiments disclosed above are illustrative only, as the invention 
may be modified and practiced in different but equivalent manners apparent to those skilled 

15 in the art having the benefit of the teachings herein. For example, the process steps set forth 

above may be performed in a different order. Furthermore, no limitations are intended to the 
details of construction or design herein shown, other than as described in the claims below. It 
is therefore evident that the particular embodiments disclosed above may be altered or modi- 
fied and all such variations are considered within the scope and spirit of the invention. 

20 Accordingly, the protection sought herein is as set forth in the claims below. 
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